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Process for the preparation of derivatized polymers 



twnu^^l^s"t^ J process%r the preparation of deriva 



The prefenTinwiS^^ll^^ "&r the preparation of derivatives of polymers 

having functional groups by means of activating reagents, the use of such activating 
5 reagents for the preparation of the derivatized polymers, and the use of these polymers as 
receptors for substrate binding. 



Polymers which are derivatized with defined radicals are suitable for very different types 
of chemical applications and industrial applications. Accordingly, there is a great need, 
10 especially, for those polymers which are derivatized with radicals which are made-to- 
measure for appropriate areas of use. 

A process which can be employed broadly and in variable form is therefore of great value 
for the reaction of polymers carrying functional groups with reagents which are already 
15 suitably configured and which have already been designed in a goal-oriented manner 
before the reaction with respect to the later area of use. With such a rational polymer 
design, it is then possible to prepare, i.e. make to measure, polymers having the necessary 
and desirable properties, in a simple manner. 

2 0 Those derivatized polymers are of particular importance in which specific interactions can 
be achieved between the radicals and substrates introduced via the derivatization, which 
are brought into contact with the polymer derivatives. By means of the route of rational 
polymer design, selective, indeed even specific interactions, which can already be planned 
before the polymer derivatization, between the receptor group, i.e., for example, between 

2 5 the radical(s) introduced into the polymer via the derivatization or some of this (these) 
radical (radicals), and the substrates can be achieved. 

In order to equip polymers having functional groups with such receptor groups, as a rule 
until now only three routes have been proposed, which are listed in M. Antonietti, 

30 S. Heinz, Nachr. Chem. Tech. Lab. 40 (1992) No 3, pp. 308-314. According to this 
publication, such derivatized polymers are obtainable via random polymerization or 
copolymerization, via the preparation of block copolymers and via the preparation of 
surface-functionalized polymer particles. These preparation routes start from derivatized 
monomers from which the polymer is obtained. For many application areas, i.e., for 

35 example, for many desired polymer derivative-substrate interactions, these derivatized 
monomers, however, cannot be prepared or can only be prepared with an industrially and 
economically unacceptable outlay. 
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A further possibility for derivatizing polymers is polymer-analogous reaction of polymers 
having functional groups, with derivatizing compounds. In these cases, however, it has 
until now not been possible or only been possible with extremely great difficulty to 
introduce, by reaction of, for example, polar polymers having functional groups, radicals 
of interest for the application into the polymer in such a way that soluble derivatives are 
formed which can be processed further in a correspondingly simple manner in possibly 
subsequent processes. 




Because of the different kind of objective, polymer derivatizations have been carried out 
until now, for example, on solid surfaces, i.e. the reactions were carried out 
heterogeneously. This group includes, inter alia, carrier activation and carrier 
immobilization, in which a nucleophilic substance is customarily bonded heterogeneously 
to a polymer, for example epoxy polyacrylic ester or BrCN-sepharose (for this see 
P. Mohr, M. Holtzhauer, G. Kaiser, Immunosorption Techniques, Fundamentals and 
Applications, Akademie Verlag, Berlin (1992), pp. 34-40). 

was therefore an object of the present invention to make available a process using which 
it is^pssible to derivatize polymers having functional groups in a simple manner in 
homogenfemis phase. 

The present invention therefore relates to a process for the preparation of a derivative of a 
polymer having at lea^one functional group, characterized in that the process comprises 
the following step (i): 

(i) reaction of the po^y^ifc^ having at least one functional group, with at least one 
activating reagent or a deK^tive of an activating reagent in homogeneous phase. 

The present invention also relates to a d^iyative of a polymer having at least one 
functional group, preparable by a process whichc^mprises the following step (i): 
(i) reaction of the polymer having at least one^mctional group, with at least one 
activating reagent or a derivative of an activating reagent in homogeneous phase. 

the context of the process according to the invention, it is possible to react the polymer 
havthgat least one functional group firstly with an activating reagent in homogeneous 
phase. 



Likewise, it is of course s al§o possible in the process according to the invention to react the 
polymer having at le&st onefuQQtfoila! group with a mixture of two or more suitable 
activating reagents. These can be"Je^ea simultaneously with the polymer. Likewise, the 
two or more activating reagents can also : ^^acted successively with the polymer. 
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If the polymer is reacted on at least two functional groups with different activating 
reagents in each case, as described above, it is possible, depending on the choice of the 
activating reagents, for the activated groups to have identical or alternatively different 
reactivity. 

The reaction preferably takes place here in liquid phase. It may therefore be necessary to 
dissolve the polymer to be reacted in a suitable solvent or solvent mixture before the 
reaction. In the case in which the polymer having at least one functional group is liquid, it 
is possible, if this is necessary, likewise to add a solvent or a solvent mixture. 

Preferably, the solvent or solvent mixture is selected such that the activating reagent, 
should this be present per se in solid form, can likewise be dissolved therein. The 
activating reagent here, should this be present per se in solid form, is dissolved in a 
suitable solvent or solvent mixture and then reacted with the polymer having at least one 
functional group, which is optionally likewise present in a suitable solvent or solvent 
mixture. However, it is also possible to add the activating reagent, should this be present 
per se in solid form, directly to the polymer which is optionally present in a suitable 
solvent or solvent mixture. 

iiTth^ontext of the process according to the invention, it is also possible to start from a 
prederivatizSd-^polymer to improve the solubility of the polymer. Here, the degree of 
derivatization of theptedgrivatized polymer and/or the nature of the derivatizing groups 
which the prederivatized polynfer-qontains is/are expediently set according to the solvent 
or solvent mixture used, in which the preaeri^atized polymer is meant to be soluble. 

As a rule, the activating reagent here is selected such that the at least one functional group 
of the polymer reacts during the reaction with the activating reagent and is thus improved 
in its reactivity in a subsequent reaction with a derivatizing reagent. 

"Accordingly, the present invention also relates to a process, as defined above, 
characterized in that it comprises the further step (ii): 

(ii) region of the reaction product from the polymer having at least one functional 
group and the activating reagent, with a derivatizing reagent. 

In the context of this embodiment of the process according to the invention, the polymer 
having at least one functionat^group can be reacted simultaneously, i.e. in the sense of a 
"one-pot reaction" with at least one'kqtivated and/or at least one non-activated derivatizing 
reagent and/or an activating reagent. \. 
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By means of this reaction of the activated polymer having at least one functional group, a 
desired radical can be introduced into the polymer using a derivatizing reagent. 

fy^as described above, a polymer is reacted with different activating reagents, these 
activafed functional groups can have differing reactivity to one or more derivatizing 
reagents. Acco^ingly, it is possible in the context of the process according to the 
invention to derivatize^functional groups selectively in this manner. The term "selective" 
in this connection meanVtt*at a polymer which has, for example, two or more functional 
groups which are different frontxme another is reacted with, for example, two different 
activating reagents so that a subseqiient reaction with a derivatizing reagent for 
derivatization takes place mainly to exclusively^ 1 the activated functional group(s) which 
is or are activated with one of these two activatmfevraigents, as a rule on the functional 
group(s) which is/are more reactively activated with resp^bt^to the derivatizing reagent. 



In this case, two or more functional groups which are different from one another can be 
reacted with activating reagents which are different from or identical to one another, or 
else two or more identical functional groups can be reacted with activating reagents which 
are different from one another. 

Here, as a rule, it is the case that in the reaction of the functional group activated using the 
activating reagent, with the derivatizing reagent, some of the activating reagent which 
remains in the now activated polymer after the reaction with the functional group of the 
polymer, functions as a leaving group in the reaction with the derivatizing reagent. 

Depending on the chemical nature of the activating reagent and/or of the derivatizing 
reagent, it is of course also possible that in the reaction of the activated polymer with the 
derivatizing reagent some, or alternatively the entirety, of the structure of the activating 
reagent which is present in the activated polymer remains in the derivatized polymer. 



35 



the process according to the invention, it is furthermore possible to react the activating 
reagfeirt with the derivatizing reagent before the reaction with the polymer having at least 
one functional group in order then to react this reaction product with the polymer having 
qct 



at least one^bnctional group 



The present inventiohaherefore also relates to a process, as described above, where the 
derivative of the activatift&reagent is obtained by prior reaction of the activating reagent 
with a derivatizing reagent. 
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Here, it is possible in principle that in the reaction of the product from the reaction of 
activating reagent with derivatizing reagent some of the activating reagent which is 
present in this product functions as a leaving group in the reaction with the polymer. 

^t is likewise possible in the context of the process according to the invention with 
appropriate choice of the activating reagent and/or of the derivatizing reagent that in the 
reacttan of the product from the reaction of activating reagent and derivatizing reagent 
with thk polymer having at least one functional group some, or the entirety, of the 
structure ofohe activating reagent present in the reaction product of activating reagent and 
derivatizing reagent remains in the polymer. 

A further, possiblespmbodiment of the present invention consists in reacting the polymer 
having at least one functional group, with different products from reactions of activating 
reagents and derivatizing reagents. Thus, for example, a mixture of compounds can be 
reacted with the polymery the mixture comprising reaction products of an activating 
reagent and two or more different derivatizing reagents. A mixture is likewise possible 
which comprises reaction products of a derivatizing reagent and two or more different 
activating reagents. Of course, itNs also possible, should this be necessary, to employ a 
mixture which comprises reaction products of two or more different activating reagents 
and two or more different derivatizing reagents. Obviously, it is also possible in the 
context of the present invention to reafert the different reaction products of activating 
reagent and derivatizing reagent not as admixture, but individually and in the desired 
sequence, with the polymer having at least onafunctional group. 

Accordingly, the present invention also describes a^process as described above, where the 
polymer having at least one functional group isVacted with at least two different 
derivatives of an activating reagent and the reactions arb carried out successively with one 
derivative in each case. \ 



It is possible here that the derivatized polymer prepared as described above is present in 
liquid, homogeneous phase as a solid after the reaction of the polymer having at least one 
functional group. In order possibly to carry out further reactions, likewise in 
homogeneous, liquid phase, it is possible after the reaction of the polymer having at least 
one functional group to exchange the solvent or the solvent mixture such that the 
derivatized polymer is present again as a dissolved substance. 

Activating reagents which can be employed in principle are all activating reagents known 
from the literature. A general survey of a whole series of activating reagents which can be 
employed for the activation of different functional groups is given, for example, by the 
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article of P. Mohr, M. Holtzhauer, G. Kaiser already cited above, which in this respect is 
included completely in the context of the present patent application by way of reference. 

In particular, chloroformic acid esters and chloroformic acid esters having electron- 
withdrawing radicals may be mentioned. 

particular, the present invention relates to a process, as described above, characterized 
in that the activating reagent is derived from a compound of the following structure (I): 



(D 




where Ri and R 2 are identical or different and can be straight-chain, branched-chain or 
bridged to give a carbocycle or^heterocycle and are selected such that the activating 
reagent or the derivative of the activating reagent can be reacted in homogeneous phase 
with the polymer having at least one fiinb^onal group. 

Here, Ri and R 2 can be, for example, cycloalkyl, cycloalkenyl, alkyl, aryl or aralkyl 
radicals having up to 30 C atoms. 

preferred embodiment, the present invention describes a process, as described above, 
\ch is characterized in that the activating reagent is derived from a compound of the 
following structure (F) 



(F) 




where R 3 to Rio can be identical or different and can be hydrogen, straight-chain or 
branched-chain alkyl, aryl, cybk>alkyl, heterocyclic and aralkyl radicals having up to 30 C 
atoms, or else a number of R 3 to Rip radicals can in turn be bridged to give a carbocycle or 
heterocycle and are selected such ^at the activating reagent or the derivative of the 
activating reagent can be reacted in homogeneous phase, with the polymer having at least 
one functional group. 
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**Fhe present invention further describes a process, as described above, characterized in that 
the activating reagent has the following structure (II) 




(H) 



where R 3 to Rio are as defined above 



Here, R 3 to Ri 0 , for example, can be suitably selected from the group consisting of alkyl, 
aryl and aralkyl radicals having up to 30 C atoms. 

■a^jjarticularly preferred embodiment, the present invention describes a process, as 
describedaBSvsj^vhich is characterized in that the activating reagent is derived from a 
compound of the structtiPe^II), as indicated above, where R 3 to Rio is in each case 
hydrogen. 



A particularly preferred activating reagent employed in the process according to the 
invention is the compound of the structure (II), in which the radicals R 3 to Ri 0 are 
hydrogen, designated below as ONB-C1. 

The compounds having the structures (I), (F) and (II) can be prepared by all customary 
processes known from the prior art. Such a process for ONB-C1 is indicated, for example, 
in P. Henklein et al., Z. Chem. 9 (1986), pp. 329 ff. 



Using the activating reagents or derivatives of activating reagents as described above, in 
principle all polymers which contain at least one functional group which is reactive with 
the activating reagents can be reacted. 




Very generfrUy^poIymers are employed in the process according to the invention which, as 
at least one function&Kgroup, have a group which has at least one nucleophilic unit. 




Preferred functional groups of the polymer having at least one functional group which 
may be mentioned are, inter alia, OH groups, optionally substituted amine groups, SH 
groups, OS0 3 H groups, S0 3 H groups, OP0 3 H 2 groups, OP0 3 HR n groups, P0 3 H 2 groups, 
P0 3 HRi i groups, COOH groups and mixtures of two or more thereof, where in each case 



10 
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R n is selected such that the activating reagent or the derivative of the activating reagent 
can be reacted in homogeneous phase with the polymer having at least one functional 
group. 



present invention therefore also relates to a process, as described above, characterized 
the functional group of the polymer having at least one functional group is an OH 



< group, an NllR^group, an SH group, an OSO3H group, an SO3H group, an OPO3H2 

group, an OP0 3 HKT^^oup, a PO3H2 group, a P0 3 HR n group, a COOH group or a 
mixture of two or more ther~ 



Likewise, the polymers having at least one functional group can also contain further polar 
groups, such as -CN. 



Both natural and synthetic polymers can be employed as the polymer having at least one 
15 functional group. Possible restrictions in the selection of the polymers only result if the 
reaction of the polymer is performed in homogeneous phase in the context of the process 
according to the invention and from the later intended use of the derivatized polymer. 

HereTTrKtlje context of this invention the term "polymer" obviously likewise includes 
higher molecuia^^eight compounds, which are designated in polymer chemistry as 
"oligomers". ^^^s^ 

Without wishing to be restricted to certain polymers, possible polymers having at least one 
functional group which may be mentioned are, inter alia: 
25 - polysaccharides, such as cellulose, amylose and dextrans; 
oligosaccharides such as cyclodextrins; 
chitosan; 

polyvinyl alcohol, poly-Thr, poly-Ser; 

polyethyleneimine, polyallylamine, polyvinylamine, polyvinylimidazole, polyaniline, 
30 polypyrrole, poly-Lys; 

poly(meth)acrylic acid (esters), polyitaconic acid, poly-Asp; 
poly-Cys. 

Likewise, not only homopolymers, but also copolymers and in particular block 
3 5 copolymers and random copolymers are suitable in principle to be employed in the present 
process. 
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Here, both copolymers having non-fiinctionalized components such as, for example, co- 
styrene or co-ethylene or alternatively copolymers such as, for example, co-pyrrol idone, 
may be mentioned. 

5 Here, the molar masses of the polymers having at least one functional group used as 
starting materials are preferably in the range from 10 000 to 50 000 daltons. 

In order to achieve optimum solubility, mixed-functional or alternatively prederivatized 
polymers are preferably employed. Examples of these which may be mentioned are, for 
10 example: 

partially or completely alkylated or acylated cellulose; 

polyvinyl acetate/polyvinyl alcohol; 

polyvinyl ether/polyvinyl alcohol; 

N-butylpolyvinylamine/polyvinylamine. 

15 

Likewise, polymer/copolymer mixtures can also be used. Here, all suitable 
polymer/copolymer mixtures can be employed, for example mixtures of the polymers and 
copolymers already mentioned above, where, inter alia, mention may be made here, for 
example, of: 
20 - poly(acylic acid)/co-vinyl acetate; 

polyvinyl alcohol/co-ethylene; 

polyoxymethylene/co-ethylene; 

modified polystyrenes, such as copolymers of styrene with (meth)acrylic acid (esters); 
polyvinylpyrrolidone and its copolymers with poly(meth)acrylates. 

25 

In a preferred embodiment, the above mixtures and/or copolymers are constructed such 
that one component has no functional groups, while the other component has functional 
groups which can then be activated according to the invention. 

3 0 If, as described above, the polymer having at least one functional group is reacted with an 
activating reagent such as a compound of the structure (II), it is possible, as likewise 
described above, for this reaction product to be reacted with a derivatizing reagent. 

Here, in principle all reagents which can react with the activated polymer and lead directly 
35 or indirectly to the desired derivatized polymer can be used. Inter alia, compounds are 
employed in the process according to the invention as derivatizing reagents which have at 
least one nucleophilic group. 
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For example, derivatizing reagents are used which have the general composition HY-R 12 . 
Here, Y is, for example, O, NH, NRj 3 or S where R !2 and R 13 can generally be freely 
selected. For example, they are an optionally suitably substituted alkyl or aryl radical. 



TrT^adiiition, it is also possible to react the activated polymer with nucleophilic chiral 
compoundsT^EXamples of such chiral nucleophiles which may be mentioned are, for 
example: 

borneol, (-)-methanol, (-)-ephedrine, □-pEefiytethi^amine, adrenaline, dopamine. 



A further possibility is to react the activated polymer in the process according to the 
invention with a mono- or polyhydric alcohol or thiol containing an amino group. If the 
polymer containing at least one functional group is activated, for example, with ONB-C1, 
the mono- or polyhydric alcohol containing the amino group or the mono- or polyhydric 
thiol containing the amino group reacts selectively with the amino group. The OH or SH 
groups thus introduced into the polymer can then be activated in a further step again with, 
for example, one of the activating reagents described above, whereby chain extension and 
branching are made possible, depending on the functionality of the alcohols or thiols 
originally employed. 

^another embodiment of the process according to the invention, which has already been 
descnttedabove, the polymer having at least one functional group is reacted with an 
activated denVatizing reagent, the latter being obtained from the reaction of an activating 
reagent with the derivatizing reagent. 

Preferably, activated derivatives^'bQimines, alcohols, thiols, carboxylic acids, sulphonic 
acids, sulphates, phosphates or phosphoric acids are reacted in the process according to 
the invention with the polymer having at leasbqne functional group, where, in turn in a 
preferred embodiment, the compounds are activated ufctog ONB-C1. 



Inter alia, these activated derivatizing reagents, which can be reacted with the polymer 
having at least one functional group, thus have the following general structures (III) to 
(IX): 




Re 



N-0 NRm h 

P v T 

R4 o o 



(m) 
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R6 



N-O 0R l5 
R4 o o 



(IV) 



R3 p 




N-O S R 16 

R4 N b 6 




(V) 



(VI) 




(vn) 




(Vffl) 



(IX) 
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where R 3 to R 10 are as defined above and R u to R 2 o are in general subject to no 
restrictions, for example can also have chirality, and are selected in the process according 
to the invention such that the reaction with the polymer having at least one functional 
group can be carried out in homogeneous phase. As a rule, the substituents Rh to R 2 o here 
are selected depending on the desired interaction with the substrate. Here, Rh to R 2 o can 
be identical or different and are hydrogen, a straight-chain or branched-chain alkyl, aryl or 
aralkyl radical having up to 30 C atoms or radicals having appropriate heteroatoms. 



sj'he present invention therefore also describes a derivative of an activating reagent 
according to structure (II), characterized in that it has one of the two structures (II') or 

(n") N 




(IT) 



(IT) 



where R 3 to Rio are as defined above, R 22 and R23 a^ defined as Ru to R 2 o and can be 
identical to or different from one another, and R' and RHcan be identical or different and 
can be alkyl, aryl or aralkyl radicals and are selected irk the process according to the 
invention such that the reaction with the polymer having at least one functional group can 
be carried out in homogeneous phase. Further, the above sub^tuents on the structures 
(IF) and (II") are also selected such that the desired interactions with the substrate can be 
achieved. 



Likewise, polyfunctional amines, alcohols, thiols, carboxylic acid, sulphonic acids, 
sulphates, phosphates or phosphonic acids can be reacted with an activating reagent and 
this reaction product can be reacted with the polymer having at least one functional group, 
where here, in particular, polyols may be mentioned. 
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Obviously, it is also possible to activate derivatizing reagents which have two or more 
different types of the functional groups mentioned above and to react them with the 
polymer having at least one functional group. Examples which may be mentioned here 
are, inter alia, aminoalcohols. 

fa the context of the present invention, such polyfunctional derivatizing reagents can be 
partially or completely activated selectively with an activating reagent and reacted with 
the pcHvmer having at least one functional group. 

The reaction of the polymer having at least one functional group with an activated, 
polyfunctionarsderivatizing reagent can be used in the process according to the invention 
for polymer crossttnking, for polymer stabilization and for polymer branching. 

Both the reaction of the polymer having at least one functional group with an activated 
derivatizing reagent and fl^e reaction of the polymer having at least one functional group 
with an activating reagent and subsequent reaction of the product with a derivatizing 
reagent by the process accordmg to the invention makes it possible to prepare polymer 
derivatives which have very diffenmt spatial arrangements and accordingly can be used 
for a large number of applications\in which the spatial arrangement is of crucial 
importance. ^ 

Thus, it is possible, for example, to realise arrangements which are constructed as hairy 
rods, comb polymers, networks, baskets, dishes, tubes, funnels or cages. 

The reactions can be carried out here in aprotic-dipolar and/or polar-protic solvents or 
solvent mixtures such as aqueous solvent mixtures. Depending on the polymer to be 
reacted and the activating and/or derivatizing reagent used, various further solvents can be 
present in these solvent mixtures in addition to water. Preferably, solvents employed here 
are, inter alia, those such as aprotic-dipolar solvents such as DMSO, DMF, 
dimethylacetamide, N-methylpyrrolidone, THF or MTBE. 

Tnfes^H which can be chosen in the reactions is in this case in general in the range from 4 
to 14 inHhe process according to the invention, preferably in the range from 5 to 12 and 
particularly preferably in the range from 5 to 10. For the establishment of a certain pH 
range, it is possiBt^to work with suitable buffer solutions. 

By means of the groupsrsrtroduced into the polymer in the process according to the 
invention via the derivatization^suitable chemical substances, so-called substrates, can be 
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selectivelysaj^specifically bound. The groups introduced act here as receptor groups; the 
derivatized polymefthu$very generally also acts as a receptor. 




Possible interactions with the substrate which may be mentioned here are, inter alia: 
hydrogen bonds; 
dipole-dipole interactions; 
Van der Waals interactions; 
hydrophobic interactions; 

charge-transfer interactions, e.g. n-n interaction; 
ionic interactions; 

coordinative bonding, e.g. to transition metals; 
combinations of these interactions. 

le interaction or the interactions between the derivatized polymer and the substrate can 
be KJFmed here in the solid state, in solution, in liquid phase and in the gas phase. By 
means orH^e process according to the invention, it is possible to "design" the receptor- 
substrate interaqtion using made-to-measure receptor groups. This means that when using 
the derivatized pcft$(mer in, for example, membrane processes, catalysis, filtration or 
chromatography in the^presence of two or more substrates, a selectivity of the interaction 
with respect to one substratb^an be achieved. 

In the context of the present inventibq, the degree of derivatization which, in the case in 
which the derivatized polymer is emplctyed as a receptor, corresponds to the receptor 
group density, can be influenced such that thfe^best possible interaction with the substrate 
is achieved and an adequate solubility of the polyiher derivative is obtained. 

Preferably, in the context of the process according to the invention a degree of 
derivatization in the range from 1 to 70%, particularly preferably in the range from 3 to 
60% and especially preferably in the range from 5 to 50%, is chosen. 

Afc&Qrdingly, the present invention relates to a derivative of a polymer having at least three 
functioiuthgroups, where at least two of the functional groups are derivatized in such a 
way that theyhiteract with a suitable substrate as receptor groups and at least one 
functional group having non-substrate-specific action lies between two of these 
derivatized groups. 



If a number of functional groups which do not act as receptor groups for the substrate are 
present in the polymer, they can be of an identical or different type. 
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If, for example, a polymer which only has one type of functional group is used as a 
starting material, functional groups which do not act as receptor groups are naturally only 
of one type. However, it is also possible, for example, that a polymer which has two or 
more different types of functional groups is used as a starting material. In this case too, it 
is possible that the groups which do not act as receptor groups are of one type. This would 
be the case, for example, if, except for the type of functional group in question, all other 
types of functional groups were derivatized via specific derivatization, as described above. 
In this case, however, it is also possible that a proportion of the type of functional group in 
question would likewise be derivatized. 

Obviously, it is also possible that the functional groups which do not act as receptor 
groups are of different types. It is possible, for example, to start from a polymer which has 
at least three different types of functional groups, of which at least two were not reacted in 
a specific derivatization as described above. However, the case is also possible in which a 
polymer is used as a starting material which has two or more different types of functional 
groups, of which only a certain proportion in each case was derivatized, so that a certain 
proportion of each type of functional groups remains underivatized. 

With respect to the derivative according to the invention, of a polymer having at least one 
functional group, as described above, it is possible that one or more functional groups 
which are present in underivatized form have a substrate-specific or non-substrate-specific 
action as a receptor group. This can be due to the fact, for example, that on account of the 
space requirement of the receptor groups their interaction with the substrate itself is 
sterically impossible. 

However, it is also possible that the at least one functional group which is present in the 
starting polymer makes a contribution to the interaction with the substrate in underivatized 
form. 

A derivative of a polymer having functional groups in which the at least one functional 
group having non-substrate-specific action is derivatized with an end-capping group is 
preferred. 



Accordutglyothe present invention also describes a derivative of a polymer having at least 
three functional gfougs, where the at least one functional group not having a substrate- 
specific action is derivatizetkwith an end-capping group. 
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By skilled choice of the end-capping group, it is also possible to influence the solubility of 
the polymer derivative provided with the end-capping group or with the end-capping 
groups and to adapt it to the requirements in the case of possible later, further reactions. 

As an end-capping group, in principle any group can be selected which makes a functional 
group inert or to the greatest possible extent inert to interactions with the substrate. The 
term "inert" in this connection means that the interactions which the substrate undergoes 
with the receptor groups of the derivatized polymer, in comparison with the interactions 
which this substrate undergoes with one or more of the functional groups derivatized by 
the end-capping group, are so strong that the substrate is essentially only bound via the 
receptor groups. 

If it is desired to separate two or more different substrates, for example in a 
chromatographic process, by means of the interaction between substrate and receptor 
group, the end-capping group must not make the functional group completely inert to 
possible interactions, such as described above. In this case, it suffices, for example, if the 
end-capping group undergoes sufficiently weak or non-specific interactions, which play 
no part in the separating process, with the two or more substrates to be separated. 

As an end-capping group, any suitable group according to the prior art can be used here. 
Depending on the substrate, it is possible, for example, that the end-capping group chosen 
is a group which is not an H donor. Preferably, 



particularly preferably 




is employed here. 

*n^e present invention further describes a derivative of the type in question here, which has 
at least^me receptor group which has a binding unit which is decisive for the binding of a 
biological siHa$trate. 

A derivative of this type made-to-measure for biological substrates then has corresponding 
receptor groups which can have, for example, structures also occurring in nature or parts 




— N 




of structures of this type, responsible for the binding, which can then interact with a 
biological substrate. In this case, in particular, enzyme, amino acid, peptide, sugar, amino 
sugar, sugar acid and oligosaccharide groups or derivatives thereof may be mentioned. 
Essential for the above receptor groups is exclusively the fact that the binding principle, 
occurring in nature, of a receptor with a substrate is retained, so that by means of this 
embodiment, for example, synthetic enzymes, binding domains of antibodies or other 
physiological epitopes can be obtained. 

The receptor group introduced into the derivative according to the invention, of a polymer 
having at least three functional groups can be any radical described as above in the process 
according to the invention, which can be obtained by reaction of the polymer with at least 
one activated derivatizing reagent which includes at least one nucleophilic group, or by 
reaction of the activated polymer with at least one such derivatizing reagent. 

Inter alia, in the context of the present invention a derivative of a polymer having at least 
three functional groups is preferred, as described above, in which at least one receptor 
group is an amino acid residue or an amino acid derivative residue. 

Acco?3mgl^the present invention also describes a derivative of a polymer having at least 
three functional gr&tips^as described above, characterized in that at least one receptor 
group is an amino acid residueoF^ao^mino acid derivative residue. 

In order to derivatize the polymer having functional groups with amino acid residues or 
amino acid derivative residues, the procedure according to the process described above 
can be used. Thus it is possible first to carry out the reaction of the amino acid with a 
suitable activating reagent and then to react the reaction product with the polymer. 
Likewise, it is possible first to activate the polymer with a suitable activating reagent and 
then to react it with the amino acid. Of course, it is also possible to mix together polymer, 
amino acid and activating reagent directly. 

Depending on the choice of the amino acid, it may be necessary to protect functional 
groups which are possibly present on the amino acid during the derivatization and/or the 
activation with protective groups. In this case, possible protective groups are all suitable 
groups which are known from the prior art. Depending on the later use of the polymer, 
these protective groups can remain on the amino acid residue after the derivatization or be 
removed again. 



Possible amino acids are, for example: 



amino acids having aliphatic residues such as glycine, alanine, valine, leucine, 
isoleucine; 

amino acids having an aliphatic side chain which includes one or more hydroxyl 
groups, such as serine, threonine; 

amino acids which have an aromatic side chain, such as phenylalanine, tyrosine, 
tryptophan; 

amino acids which include basic side chains, such as lysine, arginine, histidine; 

amino acids which have acidic side chains, such as aspartic acid, glutamic acid; 

amino acids which have amide side chains, such as asparagine, glutamine; 

amino acids which have sulphur-containing side chains, such as cysteine, methionine; 

modified amino acids, such as hydroxyproline, y-carboxylglutamate, O- 

phosphoserine; 

derivatives of the amino acids mentioned or, if appropriate, of further amino acids, for 
example amino acids esterified on the carboxyl group or, if appropriate, the carboxyl 
groups having, for example, alkyl or aryl radicals which can optionally be suitably 
substituted. 



Here, the amino acids can in principle be bonded to the polymer via any of their functional 
groups. 

InSte^id of the amino acid, the use of one or more di- or oligopeptides is also possible, 
where in p^icular homopeptides, which are only synthesized from identical amino acids, 
may be mentionfed^An example of a dipeptide which may be mentioned is hippuric acid. It 
is further also possiotesto use □-, y- or other structurally isomeric amino acids and 
peptides derived therefrom sbch as depsipeptides. 

In the process according to the invention, as described above, it is possible to derivatize a 
polymer having functional groups such that it has different receptor groups. 

Accordrngly^the present invention also describes a derivative of a polymer having at least 
three functional grtmps^j as described above, which has at least two different receptor 
groups. 

According to what has been said above, a derivative of a polymer having functional 
groups is therefore also possible which has two or more different amino acid residues or 
amino acid derivative residues. 

In order to optimize the interaction with the substrate, in the context of the present 
invention the liquid polymer derivative or polymer derivative dissolved or swollen in a 
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solvent or solvent mixture can be deformed in the presence of the substrate, which in this 
case acts as a template. 

Accordingly, the present invention also describes a process, such as described above, 
characterizednT-thal^in a step (iii) the derivative of the polymer having at least one 
functional group is deform&MQ^the presence of a template compound. 

Here, a procedure is used in the deformation, for example, in which a derivatized polymer, 
as described above, is mixed together with substrate in a suitable solvent or solvent 
mixture and imparts to the polymer the possibility here of taking on one or more 
energetically favoured conformations. 

^Fh^oresent invention likewise describes a derivative of a polymer having at least one 
function&Kgroup, characterized in that it has one or more conformations which is/are 
adapted to a suitabtesubstrate. 

Of course, it is also possible here to mix together a derivatized polymer with different 
substrates and to deform it. In addition, it is also possible, should this be necessary, to mix 
together different derivatized polymers with one or more different substrates and to 
deform them. 



Obviously, it is also possible for the derivative of the polymer having at least one 
functional group to be deformed without a template. 

Following the deformation, it is possible in the context of the present information to fix 
the conformation of the polymer derivative which has been formed by the deformation in 
the presence of the template. 

Ths-present invention therefore also describes a process, as described above, characterized 
in that a cortfoqriation resulting from the deformation of the derivative of the polymer 
having at least one fintetiQnal group is fixed. 

It is possible here to apply the deformed polymer to a support before fixation. 

The support material and the form of the support are essentially freely selectable here, 
where the support material, however, must be constituted such that the polymer can be 
applied permanently to the support. 
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If the derivatized polymer applied to the support is used in substance separation processes, 
a support material is employed which, after the derivatized polymer has been applied, 
undergoes no or only one or more non-specific interactions with the substances to be 
separated. 

5 

Depending on the later area of use, it may be necessary that the support material is 
pressure-stable. The term "pressure-stable" in this connection means that the support 
material is of stable shape at pressures up to 100 bar. 

10 Support materials which can be used are porous and non-porous materials. Inter alia, for 
example, titanium dioxide, silica gel or cellulose may be mentioned here. 

The form of the support material can be adapted here to the requirements of the process 
and is subject to no restrictions. Pellet-shaped, spherical or strand-like supports, for 
15 example, are possible. 



In the context of the process according to the invention, the application to the support 
material is likewise freely selectable. Application by means of impregnation, immersion of 
the support in an appropriate polymer solution, spraying-on of the polymer or spinning-on 
20 of the polymer, for example, are possible. 

Obviously, it is also possible to apply the derivatized polymer to different suitable 
supports. Likewise, it is possible to apply two or more derivatized polymers which are 
different from one another to one or more suitable supports. 

25 

In a further embodiment of the process according to the invention, the derivatized, 
deformed and fixed polymer is processed per se to give a porous material, such that no 
additional support is needed. Beads, irregular particles, sponges, discs, strands, 
membranes, for example, can be obtained here. 

30 

In principle, all possible processes can be employed for fixation. In particular, temperature 
change, solvent exchange, precipitation and crosslinking may be mentioned here. The 
conformation is preferably fixed by crosslinking. 

Accordingly, the present invention also describes a process, as described above, which is 
characterized in that the conformation resulting from the deformation is fixed by 
crosslinking 



A conformation can be fixed here which has been formed from one type of derivatized 
polymer. Likewise, however, it is also possible that the conformation was formed from 
two or more types of derivatized polymers which are different from one another. The term 
"different types of derivatized polymers" here means that the polymers differ, for 
example, with respect to the base polymer or the type of activating reagent or the type of 
receptor groups introduced by derivatization or the degree of activation or the degree of 
derivatization or a combination of two or more of these features. In particular, 
polyelectrolyte complexes of polymer strands with cationic and/or anionic receptor groups 
can be prepared in this way. 

The crosslinkage can be achieved here, for example, by reacting two or more strands of 
derivatized polymer directly with one another. This can be achieved by constituting the 
groups introduced by derivatization such that covalent and/or non-covalent bonds can be 
formed between these groups. Very generally, it is possible that these covalent and/or non- 
covalent bonds are formed between groups which are attached to one polymer strand, 
and/or are formed between groups which are attached to two or more polymer strands, 
such that two or more polymer strands can be linked to one another via one or more sites 
by means of the crosslinkage. 

Likewise, it is also possible to employ one or more suitable crosslinking agents for the 
crosslinkage, with which, as described above, groups within a polymer strand and/or 
groups which are attached to a number of strands of optionally different derivatized 
polymers can be crosslinked in a covalent and/or non-covalent manner. 

Here, it is especially possible in the context of the present invention to design the 
derivatizing reagent with respect to its chemical constitution, inter alia, with respect to 
later crosslinkage, as early as in the derivatization. In particular, the derivatizing reagent 
can contain groups which are selective for covalent and/or non-covalent crosslinkage. 

In principle, possible crosslinking reagents are all suitable compounds known from the 
prior art. Accordingly, the crosslinkage can take place, for example, in a covalently 
reversible manner, in a covalently irreversible manner or in a non-covalent manner, where 
in the case of crosslinkage in a non-covalent manner, for example, crosslinkages via ionic 
interaction or via charge-transfer interaction may be mentioned. Crosslinking processes or 
reagents of this type are described, inter alia, in Han, K. K. et al., Int. J. Biochem., 16, 129 
(1984), Ji, T. H. et al., Meth. Enzymol., 91, 580 (1983) and Means, G. and Feeney, R. E., 
Bioconj. Chem., 1, 2 (1990). 
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Crosslinking reagents which may be mentioned which can lead to covalently irreversible 
crosslinkage are, inter alia, bi- or polyfiinctional compounds such as diols, diamines or 
dicarboxylic acids. Here, for example, bifunctional crosslinkers are reacted with the 
activated polymer derivative or the at least bifunctional activated crosslinking reagent is 
reacted with the non-activated polymer. A covalently reversible crosslinkage can be 
realised, for example, by linkage of a sulphur-sulphur bond to give a disulphide bridge 
between two groups attached to one or two polymer strands or by formation of a SchifPs 
base. Crosslinkage via ionic interaction can taken place, for example, via two radicals, of 
which one has a quaternary ammonium ion as a structural unit and the other, for example, 



COO" or S0 3 ' 



as a structural unit. Crosslinkage via hydrogen bridges can be formed, for example, 
between two complementary base pairs, for example via the following structure: 

H 

N-H -Q 



//< > 

" N -H-N 

K 

N-H -O 

/ 
H 




Very generally, polymer derivatives to be crossl inked non-covalently can be of 
complementary composition with respect to the crosslinking sites, structural units 
20 complementary to one another being, for example, acid/triamine or uracil/melamine. 
Likewise, in the case of a non-covalent crosslinkage, the crosslinking reagent can be 
complementary to the crosslinking sites on the polymer strand. An example of this which 
may be mentioned would be, for example, an amine group on the polymer strand and a 
dicarboxylic acid as the crosslinking reagent. 

25 

The degree of crosslinking in the process according to the invention can essentially be 
chosen arbitrarily and, for example, tailored to the use areas described below. Degrees of 
crosslinking of up to 5%, however, are preferred. The percentage data relate here to the 
proportion of the functional groups originally present in the base polymer which are 
3 0 finally crosslinked. 



Of course, it is also possible firstly to fix the conformation of the polymer and then to 
apply the fixed structure to a support. 



*N^e fixed polymer derivatives which can be prepared by the process according to the 
interaction are used, inter alia, in chromatography. The derivatizing reagents and the 
conditiom^for fixing the conformation, as described above, are chosen here such that in 
the chromaragram the possible substrate elutes at a higher k' value than before the 
polymer deformation, preferably at the highest k' value of all in the mixture of substances 
present. The k' values of the impurities in these cases remain approximately identical or 
are modified in the mah^er that the quotient □ = k 2 7ki' (k 2 ' relates here to the target 
substance, ki ' to an impurity)vis greater than it was before the deformation. Accordingly, it 
is possible in continuous chromatography, in particular in SMB chromatography, to 
reduce a multi-substance separation pi»blem to a two-substance separation problem, since 
the product, i.e. the possible substrate, g^es into the extract, and all by-products together 
go into the raffinate. 

If, as described above, the polymer was derivatized using chiral derivatizing reagents, 
optionally deformed and crosslinked, it is possible when using the crosslinked polymer to 
separate racemates in substance separation processes. 

a further preferred embodiment, the present invention describes a derivative of a 
polyfrKjvhaving at least one functional group, which acts as a receptor for the binding of at 
least one siibsfrate via non-covalent receptor-substrate interaction, where the binding of 
the at least one slrfe^trate can take place via at least two, preferably three, identical or 
different types of intenfcstjons on account of the chemical constitution of the receptor, 
these multiple interactions in^jeral being synergistically reinforced, e.g. by polyvalent 
enthalpy gain. 

Interactions which may be mentioned are, for example, the interactions already mentioned 
above. Inter alia, for example, charge-transfer interaction, interaction via hydrogen 
bonding and ionic interaction may be mentioned. 

It is possible here that the different interactions with the at least one substrate can be 
formed by a single type of receptor groups, but also by two or more different receptor 
groups. 



Y^e present invention therefore likewise relates to a process for the binding of at least one 
substnJte^to at least one receptor group via non-covalent receptor-substrate interaction, 
characterize^mthat the compound employed having at least one receptor group is a 
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privative of a polymer having at least one functional group, prepared by a process as 
jribed above, or a derivative as defined above. 

In addition, the present invention also describes a process, as described above, where the 
process is a chromatography process, in particular an SMB process, a filtration process, a 
separation )9rocess by means of one or more membranes or a catalytic process. 

According to\the invention, the activating reagents employed are compounds of the 
general structure, (I), as described above, where the radicals Ri and R 2 are selected such 
that the reaction with the polymer having at least one functional group can proceed in 
homogeneous phasex 



The present invention therefore relates to a compound of the general structure (X) 
O 



o o 



(X) 



characterized in that Ro is a halogen atom, or a radical (X') 



O— N 



R." 




(X ( ) 



and Ri\ R 2 '; Ri" and R 2 " are identical or different mid are hydrogen, straight-chain or 
branched-chain alkyl, aryl, cycloalkyl, heterocyclic or ^ralkyl radicals having up to 30 C 
atoms, or either Ri' and R 2 5 or Ri" and R 2 " or both R^ anM 2 ' and R]" and R 2 " are linked 
to at least one carbocycle or to at least one heterocycle or to\at least one carbocycle and to 
at least one heterocycle, compounds of the following stnii^tures (Xi) to (X 7 ) being 
excluded: 




OH 

O 




(X, 3 ) 




where R" 5 is hydrogen or a straight-chain or branched-chain, optionally substituted alkyl, 
aryl or aralkyl having up to 30 C atoms. 
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In addition to the use as activating reagents for the preparation of derivatives of polymers 
having functional groups described above, these compounds can also be employed very 
generally for the activation of functional groups. 

[he present invention therefore also describes the use of a compound of the general 
structure (X) 



(X) 




characterized in tha\Ro is a halogen atom or a radical of the structure (X') 



15 



20 



and Ri\ R 2 \ Ri" and R 2 " are identitoil or different and are hydrogen, straight-chain or 
branched-chain alkyl, aryl, cycloalkyl, Heterocyclic or aralkyl radicals having up to 30 C 
atoms or either and R 2 ' or Ri" and R^r both R^ and R 2 ' and Ri" and R 2 " are linked 
to at least one carbocycle or to at least one n^terocycle or to at least one carbocycle and to 
at least one heterocycle, for the activation of at^least one functional group of at least one 
further compound. 



The invention is illustrated in greater detail below witlrtfie aid of some examples. 
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Examples 

Example I: Preparation of poly(benzyl N-allylcarbamate) with DS = 20 
(20% reaction of the potential hydroxyl groups) 



30 



3.36 g (50 mmol) of polyvinyl alcohol (45% hydrolysed, 55% of acetate groups still 
present) were dissolved in 250 ml of DMSO with stirring in a Erlenmeyer flask. 1.02 g 
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(10 mmol) of triethylamine and 0.61 g (5 mmol) of Ar,AM-dimethyIaminopyridine were 
added to this solution. A solution of 3.12 g (10 mmol) of N-(benzylaminocarbony loxy)-5- 
norbornene-2,3-dicarboxamide in 50 ml of DMSO was then slowly added dropwise. No 
precipitate occurred and the reaction mixture was stirred at 20°C for 60 h. 

5 

250 ml of distilled water were then added to the reaction mixture, turbidity of the solution 
occurring. After addition of 500 ml of 5% strength by weight aqueous sodium 
hydrogencarbonate solution, small white clusters precipitated. The precipitate was filtered 
off with suction through a membrane filter after 2 h and washed with 100 ml of 5% 
10 strength by weight aqueous sodium hydrogencarbonate solution and 250 ml of distilled 
water. The residue was predried at 50°C for 18 h in a vacuum drying oven and then dried 
for a further 50 h on the high vacuum pump. The yield was 3.6 g which corresponds to a 
yield of 80%. 

1 5 Example 2: Preparation of poly(menthyl N-vinylcarbamate) with DS = 40 

(40% reaction of the NH 2 groups) 

3.44 g (80 mmol) of a polyvinylamine precipitated under neutral conditions (mean molar 
mass 10 000 g/mol) were introduced into a ground Erlenmeyer and dissolved in 200 ml of 
20 distilled water. 4.43 ml of triethylamine and 195.4 mg (1.6 mmol) of 
dimethylaminopyridine (DMAP) were added to the clear polymer solution. The mixture 
was subsequently stirred at room temperature for 10 min. 

1 1.52 g (32 mmol) of N-(menthyloxycarbonyIoxy)-S-norbomene-2,3-dicarboximide 
2 5 (Men-ONB), dissolved in 200 ml of DMSO, were then slowly added dropwise to this 
solution. 

After addition of a few drops, the Men-ONB precipitated again. After complete addition, a 
thickish suspension was formed, which was subsequently stirred for 2 h. The suspension 
30 was then treated with 100 ml of acetone. The suspension clarified to give a slightly turbid 
solution. This was subsequently stirred at 20°C for 72 h. 

The mixture was transferred to a 2 1 round-bottomed flask and the acetone was evaporated. 
After removal of the acetone, the solution became highly turbid. 

35 

The DMSO/water mixture was treated with 150 ml of a 5% strength by weight aqueous 
sodium hydrogencarbonate solution, a precipitate being formed. The mixture was 
subsequently stirred for 2 h and then filtered through a fluted filter. The white voluminous 
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precipitate was washed with 300 ml of water and 300 ml of acetone and dried in a vacuum 
drying oven at 35°C for 16 h. 




15 
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30 



3.92 g (42%) of a pale brown solid were obtained. 

Example 3: Preparation of poly(benzyl Af-allylcarbamate) with a degree of derivatization 
of 7% 

fx.56 g (135 mmol) of poly(allylamine hydrochloride) were dissolved in 250 ml of water 
and tbe pH was adjusted to 5 using 10% strength aqueous NaHC0 3 solution. A solution of 
2.96 g \9.45 mmol) of A^(benzyloxycarbonyloxy)-5-norbornene-2,3-dicarboximide in 
45 ml of DMSO was added dropwise at 20°C in the course of 30 min. The reaction 
mixture was then stirred at 20°C for 24 h. The pH was kept at a value of 5 during the 
reaction time by\ddition of 10% strength aqueous NaHC0 3 solution. 200 ml of 10% 
strength aqueous NaBC0 3 solution were added to the clear reaction mixture. The reaction 
mixture was then introduced dropwise into 1000 ml of methanol. The derivatized polymer 
quantitatively precipitated filtered off through a cellulose nitrate filter (8 Dm) and 
dried in a high vacuum for 24^h. The degree of derivatization of 7% was confirmed by 
means of *H-NMR spectroscopy. 

Example 4: Preparation of poly(benzyl Anally lcarbamate) with a degree of derivatization 
of 14% 

.56 g (135 mmol) of poly(allylamine hydrochloride) were dissolved in 250 ml of water 
and the pH was adjusted to 5 using 10% strength aqueous NaHC0 3 solution. A solution of 
5.92 g (T?W? mmol) of A^-(benzyloxycarbonyloxy)-5-norbornene-2 3 3-dicarboximide in 
55 ml of DMSS^was added dropwise at 20°C in the course of 30 min. The reaction 
mixture was then stita^d at 20°C for 24 h. The pH was kept at a value of 5 during the 
reaction time by additiohyof 10% strength aqueous NaHC0 3 solution. The reaction 
mixture was added dropwise 1*^600 ml of 10% strength aqueous NaHC0 3 solution. The 
derivatized polymer quantitatively^pj-ecipitated here was filtered off through a cellulose 
nitrate filter (8 Dm) and dried in a highN^cuum for 24 h. The degree of derivatization of 
14% was confirmed by means of 'H-NMR sp&sfroscopy. 



3 5 Example 5: Preparation of poly(benzyl iV-allylcarbamate) with a degree of derivatization 

of 20% 



13.95 g (150 mmol) of poly(allylamine hydrochloride) were dissolved in 200 ml of water 
and the pH was adjusted to 5 using 10% strength aqueous NaHC0 3 solution. A solution of 



9.39 g (30 mmol) of A^-(benzyloxycarbonyloxy)-5-norbornene-2,3-dicarboximide in 50 ml 
of DMSO was added dropwise at 20°C in the course of 30 min. The reaction mixture was 
then stirred at 20°C for 24 h. The pH was kept at a value of 5 during the reaction time by 
addition of 10% strength aqueous NaHC0 3 solution. The reaction mixture was added 
dropwise in 500 ml of 10% strength aqueous NaHC0 3 solution. The derivatized polymer 
quantitatively precipitated here was filtered off through a cellulose nitrate filter (8 Dm) 
subsequently washed with water and dried in a high vacuum for 24 h. The degree of 
derivatization of 20% was confirmed by means of l H-NMR spectroscopy. 

Example 6: Preparation of poly(6-(ally!amino)-6-oxohexanoic acid) with a degree of 
derivatization of 7% 

5.00 g (54 mmol) of poly(allylamine hydrochloride) were dissolved in 500 ml of water 
and the pH of the solution was adjusted to the value 5 using 10% strength NaHC0 3 
solution. A solution of 1.2 g (4 mmol) of 1-adipic acid (Af-hydroxy-5-norbornene-2,3- 
dicarboximide) ester in 100 ml of DMSO was added dropwise at 20°C in the course of 
30 min. The reaction mixture was then stirred at 20°C for 24 h. 500 ml of 10% strength 
aqueous NaHC0 3 solution and 1000 ml of methanol were added to the clear reaction 
mixture, the derivatized polymer precipitating. The solvent was decanted off and the 
polymer was dried in a high vacuum for 24 h. 

Example 7: Preparation of poly(2-(2-oxo-l-imidazolidinyl)ethyl iV-allylcarbamate) 
having a degree of derivatization of DS 7% 

12.46 g (134 mmol) of poly(allylamine hydrochloride) were dissolved in 250 ml of water 
and the pH of the solution was adjusted to the value 5 using 10% strength NaHC0 3 
solution. A solution of 3.14 g (9.4 mmol) of the compound of the following structure 



in 50 ml of DMSO was added dropwise at 20°C in the course of 30 min. The reaction 
mixture was then stirred at 20°C for 48 h. The solution was concentrated to 100 ml and the 
pH was adjusted to 9 by addition of NaHC0 3 . The derivatized polymer was precipitated 




by dropwise addition of the reaction solution to 500 ml of methanol, filtered off, washed 
with methanol and dried in a high vacuum. The degree of derivatization of 7% was 
confirmed by means of ! H-NMR spectroscopy. 



Example 8: Preparation of poly(ethylene/co-N-benzyl vinyl carbamate) with a degree of 
derivatization of 8% 

5.04 g (165 mmol) of poly(ethylene/co-vinyl alcohol) (ethylene content: 84 mol%) were 
dissolved in 200 ml of tetrahydrofuran at 50°C. After addition of 1.52 g (15 mmol) of 
triethylamine and 0.31 g (2.5 mmol) of 4-dimethylaminopyridine, a solution of 4.12 g 
(13.2 mmol) of the compound of the following structure 




in 50 ml of DMSO was added dropwise in the course of 15 min. The reaction mixture was 
then stirred at 50°C for 48 h. The clear solution was introduced into 650 ml of 5% strength 
aqueous NaHCC>3 solution, the polymer precipitating as a slightly yellowish precipitate. 
After filtration, the precipitate was dried in a high vacuum for 48 h. 

Example 9: Preparation of menthhydrazide-ONB 




CH 3 

7.71 g (32 mmol) of N-(chlorocarbonyloxy)-5-norbornene-2,3-dicarboximide were 
dissolved in 350 ml of dichloromethane. A solution of 5.82 g (30 mmol) of menthyl 
1-hydrazinecarboxylate and 3.33 g (33 mmol) of triethylamine in 70 ml of 
dichloromethane was added dropwise at -15°C in the course of 1 h. The mixture was 
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stirred at -15°C for a further 15 min and then treated at 0°C with 150 ml of 10% strength 
KHS0 4 solution. The reaction solution was shaken twice with 150 ml of 10% strength 
NaHC0 3 solution and the organic phase was dried over Na 2 S0 4 . After removal of the 
solvent, pale yellow amorphous crystals remained, which were dried in a high vacuum. 
5 Yield: 1 1.5 g (91.4%). 



Example 10: Preparation of poly(ethylene/co-(l-menthyl 2-vinyl 1,2- 
hydrazinedicarboxylate)) having a degree of derivatization of 28% 



10 



0.92 g (25 mmol) of poly(ethylene/co-vinyl alcohol) (ethylene content: 44 mol%) was 
dissolved in 100 ml of DMSO at 50°C. After addition of 0.71 g (7 mmol) of triethylamine 
and 0.09 g (0.7 mmol) of 4-dimethylaminopyridine, a solution of 2.93 g (7 mmol) of 
menthhydrazide-ONB 



1=5 



H 3 




O— 



15 



CH 3 



NT H 

l 

H 



o 



20 



in 25 ml of DMSO was added dropwise in the course of 15 min. The reaction mixture was 
then stirred at 20°C for 48 h. The clear solution was treated with 100 ml of water and 
200 ml of 5% strength aqueous NaHC0 3 solution, the polymer depositing as a white 
precipitate. After filtration and washing with water, the precipitate was dried in a high 
vacuum for 48 h. 



Example 11: Polymer deformation 



2 5 Explanation of the compounds : 
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^Silica gel 300 A, 20 Dm (Daisogel SP 300-15/30), coated with 3 layers of 
poly(beniyLN-allylcarbamate) having a degree of derivatization of 7%, which are 
crosslinked to 2%-^with dodecanedioic acid bis(N-hydroxy-5-norbornene-2,3- 
dicarboximide) ester = (Ij^^. 

succinic acid bis(N-hydroxy-5-norboqiene-2,3-diacarboximide) ester = (2) 
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A coluftvttjDacked with (1) was conditioned with 0.2% strength (10.5 mmol/1) 5-methyl-5- 
f phenyIhydantol^^s€L^ution (substrate) in CHC1 3 and a flow of 0.6 ml/min, about 40 mg of 
the substrate being absorB£d<^lthe column. 80 dl of glacial acetic acid were then injected 
5 and the outflow was collected in tw^fi^ctions: 

1st fraction: from the injection up to the reattainment of the base line after the substrate 

peak (6.1 min). 

O 10 18.2 mg of substrate were contained in this fraction. Of this, the 

Ci amount of substrate rinsed in from the eluent in this time of 

jf| 7.32 mg was subtracted, such that a value of 10.9 mg resulted for 

fn the amount rinsed out by the glacial acetic acid. 

fir\ 

M< 15 2nd fraction: from the reattainment of the base line after the substrate peak up to the fresh 

: establishment of the equilibrium present before the injection (6. 1 

q to 80 min), 

f5. 72.2 mg of substrate were found in this fraction. As 88.7 mg had 

N 2 0 been rinsed in by the eluent in this time (73.9 min), the amount of 

substrate taken up by the stationary phase was 16.5 mg. 



After completion of the injection, the column was dismantled and cooled to 0°C (about 
30 min). 

25 

For the preparation of a crosslinker solution, (2) (186.2 mg, 0.423 mmol) was dissolved in 
19.24 ml of 0.2% strength (10.5 mmol/1) of 5-methyl-5-phenylhydantoin solution and 
triethylamine (0.76 ml) was added. This solution was rinsed into the system (without 
column) from a storage vessel cooled to 0°C. 

30 

After the base line had become constant, the column was again incorporated into the 
system such that in this case it furthermore remained cooled to 0°C. The crosslinker 
solution was rinsed into the column at 5 ml/min. After the breakthrough of the crosslinker 
front (UV 265 nm), the flow was stopped. 

35 

The column was again dismantled, furthermore cooled to 0°C for 30 min and then laid in a 
column thermostat (120 min, 25°C). 



The system (without column) was rinsed with tetrahydrofuran, and the column was 
incorporated into the system again after a reaction time of 120 min and rinsed with 50 ml 
of tetrahydrofuran (1 ml/min). 

For the deactivation of the still remaining free (N-oxy-5-norbornene-2,3-dicarboximide) 
groups of the crosslinker, diethylamine (40.2 mg, 0.55 mmol) (5 equivalents based on 
maximum N-hydroxy-5-norbornene-2,3-dicarboximide formed) was dissolved in 
tetrahydrofuran (20 ml) (quench solution), rinsed into the column (1 ml/min), and the 
solution from the column outlet was again rinsed into the column for 5 h and then 
switched to tetrahydrofuran. After the base line had become constant, the pump was 
stopped, the column thermostat was adjusted to 50°C and this temperature was maintained 
for 30 min. The tetrahydrofuran was then again pumped at 1 ml/min until pure 
tetrahydrofuran was eluted. 



